PB and PBO co-administration. Male rats received an intraperitoneal injection of N-diethylnitrosamine -those in the High PB or High PBO groups. In the heteroadditive model, the net values of Cyp1a1 mRNA Cyp2b1/2, Gstm3, Gpx2 and Nqo1, and the PBO co-administration causes suppressive effects in liver tumor-promoting activity in rats resulting from
INTRODUCTION
Reactive oxygen species (ROS) play a pivotal role in the etiology of liver cancer (Benhar et al., 2002) . ROS overproduction and subsequent oxidative DNA damage have been implicated in enhancing the development of hepatocellular tumors and liver tumor-promoting activities in rats caused by various chemicals, such as phenobarbital (PB: Peraino et al., 1971) , orphenadrine (ORPH: Morita et al., 2013a) , piperonyl butoxide (PBO: Muguruma et al. et al., 2008), and et al., 2009) . These chemicals have enzymes that generate ROS as a byproduct of microsom-
et al., -ing large amounts of ROS production may have a hepatocarcinogenic or liver tumor-promoting potential in rats.
In our previous studies, the combined administration of (Hayashi et al. (Morita et al., 2013b) , enhanced the liver tumor-promoting effect in rats. These results suggest that the combined --tions resulting in oxidative stress and enhances the liver tumor-promoting effect in rats.
protection and a non-genotoxic hepatocarcinogen in et al. et al.
carcinogen in rodents (Feldman et al. - effect of liver-tumor promotion through the combined focus on gene expression and biochemical events of ROS generation and thiobarbituric acid-reactive substances (TBARS) in the liver.
MATERIALS AND METHODS

Chemicals
and N -respectively.
Animals and experimental design
Animals received humane care according to the Guide for Animal Experimentation of the Tokyo University of temperature) and had free access to a basal diet (Orien- 
Histopathology and immunohistochemistry
immunohistochemical examinations. Hematoxylin and -tine histopathological methods. In addition, immunohistochemical staining of glutathione S-transferase placental form (GST-P) and proliferating cell nuclear antigen 2 O 2 in methanol at room temperature for 30 min to block endogenous peroxidases and then incubated overnight at -enous peroxidase activity. The avidin-biotin-peroxidase -sional evaluation (Imaida et al., 1989 
RESULTS
Body and liver weights, food and water consumption and estimated compound intake During the experimental period, neither clinical symp--DEN-alone groups ( Table 2 ).
than that in the DEN-alone group, and the absolute liv---groups ( Table 2 ). The estimated total compound intakes
Histopathological examinations
Histopathological examinations of the liver samples - 7.9 ± 0.7 ## ± ## ± 1.2 * 9.2 ± ** ± 1.1 ** 9.8 ± 1.1 ** 3.0 ± 0.1 ## 3.3 ± 0.1 **, ## ± 0.2 **, ## ± 0.1 **, # 3.7 ± 0.1 ** 3.7 ± 0.1 ** 0.28 ± 0.11 0.39 ± 0.08 ± 0.31 ± ± ± 0. (Fig. 2) . In the isoadditive mod---2 ) and the average value of each individual 2 ) (Fig. 2) . In contrast, in the isoadditive model, the value of the area of GST-P positive foci Table 1 in the livers of six rats per group (Table 3) ly higher than that in the DEN-alone group. On the contrary, in the isoadditive model, the value of the area of --group. These results suggest that the combined administration of PB and PBO results in suppressive effects rathpromotion in rats.
genomic DNA oxidation that may contribute to tumor promotion (Imaoka et al has a liver tumor-promoting effect resulting from oxidative stress including increased microsomal ROS production and oxidative DNA damage (Muguruma et al., 2007) . In the present study, the mRNA level of Cyp1a1 significantly increased in the PBO-treated groups compared Cyp1a1 in the High PBO group. In addition, in the heteroadditive and isoadditive models, a suppressed induction of Cyp1a1 level of Cyp2b1/2 significantly increased in all treated
Cyp2b1/2 induc-PBO groups. Similarly, in the heteroadditive and isoaddilevel of Cyp2b1/2
and have a liver tumor-promoting activity produce ROS during their metabolism and result in oxidative stress that stimulates tumor-promoting effects in the liver of rats et al., 2008, 2009 ). In the present study, ROS pro---addition, the level of TBARS that indicates lipid peroxiet al treated groups. These results suggest that the suppressed inhibition of ROS generation and resulted in no enhanced production of TBARS. Therefore, such an inhibition of ROS generation may suppress the induction of liver preneoplastic lesions in rats given PB and PBO simultanethe mechanism of action in a future study. Furthermore, mRNA levels of Gstm3, a phase II drug--
Gstm3 in
group. mRNA levels of Gpx2, the phase II drug-metabo--el of Gpx2 PBO group. In contrast, mRNA levels of Nqo1, a phase II -Nqo1 that in the PB-treated groups. These antioxidative enzyme -tional factor, regulates the expression of genes for phase II drug-metabolizing enzymes by binding to antioxidant responsive elements (AREs) (Itoh et al., 1997) and --bind to the AREs of target genes including Gstm3, Gpx2 and Nqo1 (Reisman et al et al., et al., 2007) . Glutathione S-transferases (GSTs), including Gstm3, detoxify xenobiotics by conjugating glutathione to a range of electrophilic substrates (Thimmulappa et al., 2002) . Gpx2 is a member of the glutathione peroxidase (GPX) family and reduces H 2 O 2 (Naiki- Ito et al., 2007) . Nqo1 is an NAD(P)H: quinone oxidoreductase and functions as an important part of cellular antioxidant defense by detoxifying quinones, thereet al. et al.
--nated by Nrf2 gene batteries. Therefore, as demonstrated can be concluded that suppressed ROS generation does not induce the expression of Nrf2-related antioxidative enzyme genes in rats given PB and PBO simultaneously.
administration of PB and PBO causes a suppressive effect in liver-tumor promotion in rats, and such an inhibition might be attributable to the inhibited induction of -tion and oxidative stress in the liver of rats. In contrast, -et al., promotion in rats (Hayashi et al., 2012) . Therefore, particular attention should be paid to the combined exposure -outcome of the present study, the concomitant exposure Because our data are limited to the combined administration of PB and PBO only, further research using other ACKNOWLEDGMENT research on the safety of veterinary drugs in food of ani--fare of Japan (H22-Shokuhin-Ippan-007). 
